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ABSTRACT: Back-to-back reinforced retaining walls are mostly used in approach embankments for 
bridges and flyovers. Guidelines on the design of such walls are limited. According to FHWA codal 
provisions, the distance between back-to-back walls is an important parameter in estimating the lateral 
earth pressures on these walls. For back-to-back walls of height ‘H’ with backfill angle of shearing 
resistance ‘’, two cases are given in the code: a) the walls are sufficiently far away with the distance 
between the facings of reinforcements extending from the two walls (D) is greater than H*tan(45o-ϕ/2), 
the walls are designed as independent walls, and b) the ends of the reinforcements for the two walls 
overlap by a distance more than 0.3*H, the active lateral earth pressure is taken as zero while performing 
the check for external stability. If the distance between the walls is intermediate between these two cases, 
the lateral earth pressures of the walls are linearly interpolated. However, there is no literature available to 
justify the above mentioned earth pressure distribution for back-to-back reinforced walls. The objective of 
this study is to obtain the effect of distance between the far ends of reinforcements normalized with the 
wall height (D/H) on the lateral pressures at the facing of the wall and at the end of reinforcement. In this 
study, charts are proposed showing the variation of lateral pressures and facing displacements with depth 
for D/H varying from 0.0 to 0.6 and for different reinforcement stiffness ranging from 500 kN/m to 50000 
kN/m. 
 
 
INTRODUCTION 
Mechanically stabilized earth retaining walls are 
the state of the art technology in place of 
conventional earth retaining walls. Advantages of 
mechanically stabilized earth walls (MSE) mainly 
include cost effectiveness, reduced space 
requirement, flexibility, and resistance to 
earthquake loading. Advances in materials have led 
to use of wide variety of reinforcement elements. 
The reinforcing elements can be metal strips and 
grids, or polymer products (e.g., geotextiles, 
geogrids and geomembranes).  
 
For railroad bridge embankments or 2-to-4 lane 
highway bridge approach embankments, the two 
walls are relatively not far apart and are referred as 
back-to-back retaining walls.  
 
Many studies are available in the literature on 
reinforced single retaining wall. Studies include 
full-scale modeling, prototype modeling, and 
numerical modeling evaluating the effect of 
different parameters. Rowe and Ho (1997) [13] 
studied the effects of length of reinforcement, 
reinforcement arrangement, number of 
reinforcement layers, and height of wall on the 
distribution of lateral pressures on the facing wall 
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using finite-element (FE) program. Rowe and 
Skinner (2001) [14] performed finite-element 
analysis of 8m-high, geosynthetic-reinforced wall 
resting on both compressible and rigid foundations, 
and compared the results from full-scale 
experiment. Ling and Leshchinsky (2003) [9] 
developed a numerical model to study the effects 
of the length, spacing and stiffness of 
reinforcement; the width, connection strength and 
interaction of the modular block; and properties of 
foundation and backfill soil in reinforced single 
retaining wall with segmental-block facing. 
 
Wu (2007) [17] observed from the case studies that 
the lateral earth pressures against segmental MSE 
wall were much less than those obtained from 
Rankine’s or Coulomb’s earth pressure theories. 
Mei et al. (2009) [10] formulated a model to 
predict the lateral pressures for various 
displacements of wall, ranging from active to at-
rest conditions. Different patterns of wall 
movement were also analyzed. 
 
Wong (1972) [16] conducted experimental and 
theoretical studies to analyze back-to-back 
retaining walls with live loads acting on the 
backfill. Anchor piles were used as a retaining 
structure, and iron rods were used as reinforcing 
elements. Earth pressures due to live loads were 
calculated using the theory of elasticity. 
 
Han and Leshchinsky (2010) [4] developed a 
numerical model in a finite-difference based 
software- Fast Lagrangian Analysis of Continua 
(FLAC)- to analyze reinforced back-to-back walls.  
Parametric studies were carried out by varying two 
parameters, viz., the wall width to height ratio and 
the quality of backfill material, to study their 
effects on the required tensile strength of 
reinforcement, critical failure surface, and the 
lateral earth pressure behind the reinforced zone. 
The effect of connection of reinforcement in the 
middle was also considered. 
 
Anubhav and Basudhar (2012) [1] studied the 
response of footing placed on a double-faced, wrap 
around reinforced walls by conducting a small-
scale laboratory tests. Authors have presented the 
influence of number of reinforcing layers and 
overlap length on load-deformation behavior, 
ultimate bearing pressure of footing, and initial 
tangent modulus of the soil. Two different multi-
filament geotextiles were used in the study. 
Settlement of the footing and lateral deformations 
of wrap-around wall facing were also presented. 
 
Katkar and Viswanadham (2012) [7] conducted 
centrifuge model tests to study the behavior of 
single vertical wall and geogrid reinforced back-to-
back walls constructed using wrap-around 
technique. The effect of connection in the middle 
of the wall was also analyzed. 
 
In working stress condition, FE analysis was done 
on back-to-back walls by Sherbiny et al. (2013) 
[15]. The effects of distance between the walls on 
lateral earth pressures, lateral displacements, and 
maximum tensions in the reinforcement were 
studied. Olgun and Martin II (2003) [12] modeled 
an overpass in FLAC, and obtained tensions within 
reinforcements and the lateral earth pressures on 
reinforced wall under seismic conditions. 
 
Mouli and Umashankar (2014) [11] studied the 
effects of stiffness of reinforcement and angle of 
shearing resistance on the lateral pressures and 
lateral displacements of the facing of reinforced 
back-to-back walls with connected reinforcements.   
PROBLEM DEFINITION 
The focus of this paper is to obtain the effect of 
distance between the walls normalized with the 
wall height (W/H) on the lateral pressures at the 
facing of the wall and at the end of reinforcement 
zone. In the present study, back-to-back walls (Fig.  
1) are modeled incorporating the staged 
construction. The effect of the stiffness of the 
reinforcement is also studied by varying the 
reinforcement stiffness from 500 kN/m to 50000 
kN/m. Finite-difference-method based program 
FLAC is used for modeling (Itasca 2011) [6].  
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Fig.  1 Schematic of reinforced back-to-back wall 
 
NUMERICAL MODELLING 
A two-dimensional numerical model was 
developed using the finite-difference-method based 
software ̶ Fast Lagrangian Analysis of Continua 
(FLAC) version 7.00 (Itasca Consulting Group 
2011) [6]. Back-to-back wall was constructed 
under plain-strain condition. A 6-m high wall was 
considered and the length of the reinforcement was 
fixed as 4.2m (0.7 times the wall height). The 
foundation soil, reinforced soil, retained soil, and 
facing panel were modelled as continuum. 
 
Distance between the far ends of two 
reinforcements, D, was varied from 0 to 0.6H so 
that W/H ratio ranges from 1.4 to 2.0. The vertical 
spacing between the reinforcements was fixed as 
0.6m.  
 
Bottom of the foundation soil was fixed in both 
horizontal and vertical directions. Mesh 
convergence was done and the size of the grid was 
taken as approximately 0.1m. Large-strain mode 
was activated so that the coordinates of the grid 
points are updated at every step. This ensures 
accuracy in the numerical model, especially when 
high strains develop in the material. 
 
 
 
The foundation soil was taken as rigid by giving a 
very high cohesion value. Reinforced and retained 
soils were simulated as isotropic, non-linear elastic 
perfectly plastic using Mohr-Coulomb failure 
criterion. Table 1 gives the properties of the 
foundation soil, and reinforced and retained 
backfills. 
 
Elastic modulus of the soil is dependent on the 
confining stress [2].  It is updated at every stage 
using the procedure adopted in Hatami and 
Bathurst (2005) [5]. Equation given by Duncan et 
al. (1980) [2] was used (Eq. (1)). 
 
       (1) 
 
where, Et is the tangent elastic modulus, Rf is the 
failure ratio, Ke is the elastic modulus number, n is 
the elastic modulus exponent, Patm is the 
atmospheric pressure, ϕ is the angle of shearing 
resistance, c is the cohesion intercept of the soil, σ1 
is the effective vertical pressure (overburden), and 
σ3 is the effective lateral confining pressure. 
 
The wall facing was modelled as modular blocks of 
size 0.3 x 0.2m. Material properties of modular 
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blocks were assumed equal to that of concrete 
material (Table 1). 
 
Table 1 Properties of the foundation soil, 
reinforced and retained backfills 
Properties 
Reinforced 
soil 
Foundation 
soil 
Modular 
blocks 
Material type 
Mohr-
Coulomb 
Mohr-
Coulomb 
Elastic 
Cohesion (kPa) 0 1000 - 
Angle of shearing 
resistance (ϕ) in deg.  
340 350 - 
Dilation angle in deg. 10 0 
- 
 
Shear Modulus (kPa) 3.846e4 3.846E4 8.70e6 
Bulk Modulus (kPa) 8.333e4 8.332E4 9.52e6 
Density (kg/m3) 1800 1800 2400 
 
 
Table 2 Constants used in the equation for stress 
dependent modulus of backfill soil 
Properties Reinforced soil 
Elastic modulus number (Ke) 1150 
Bulk modulus number (Kb) 575 
Elastic modulus exponent (n) 0.5 
Bulk modulus exponent (m) 0.5 
Failure ratio (Rf) 0.86 
 
Table 3 Interface properties 
Properties Block-Block 
interface 
Block-Soil 
interface 
Normal stiffness kn(kPa) 11.90e6 11.90E6 
Shear stiffness ks (kPa) 10.87e6 2.31E4 
Cohesion (kPa) 10 0 
Friction angle (δ) (in deg.) 550 250 
 
Table 4 Reinforcement properties 
Properties Cable element 
Stiffness (J) (kN/m) 500, 5000, 50000 
Poisson’s ratio (υ) 0.3 
 
Interface elements were used to simulate the 
interaction between the soil and the modular-block 
facing of the wall and between the modular blocks. 
In FLAC, shear strength of interface was assumed 
to follow Mohr-Coulomb failure criterion. 
Interface between the soil and block facing was 
simulated as frictional interface (i.e., cohesion was 
taken as equal to zero) and interface between the 
blocks was simulated as structural interface (i.e.., 
both the cohesion and friction angle are present). 
Table 3 provides the properties of the interfaces. 
 
Reinforcement was simulated as cable element. 
Cable element in FLAC is a two-noded, one-
dimensional element with high tensile stiffness and 
negligible compressive stiffness. The total length 
of the reinforcement was divided into number of 
segments. The number of segments was decided 
such that each segment of reinforcement is equal to 
the width of zones of the reinforced soil. 
 
Reinforcement layers interact with soil through 
built-in interface properties. The interface 
properties were inputted in FLAC in terms of grout 
material properties. Fig. 2 shows the reinforcement 
that was rigidly connected to the wall facing by 
fixing the left end of the cable element to nodes of 
the wall facing to simulate the rigid connection 
existing in the field [8]. Table 4 provides the 
reinforcement properties. 
 
 
Fig. 2 Structural node fixed rigidly to the 
facing panel 
 
 
The model wall was constructed in stages. Every 
lift of soil was of 0.3m height. After the soil layer 
was placed, the model was solved for equilibrium. 
The elastic modulus was then updated using Eq. 
(1) and Table 2, and again solved for equilibrium. 
The next layer of soil was now placed on the 
deformed grid of the previous layer. At every 
stage, the equilibrium ratio was maintained to be 
less than 1e-3. Equilibrium ratio is the largest ratio 
of maximum unbalanced force to the applied force 
considered at every grid point. 
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RESULTS AND DISCUSSION 
Design charts were developed showing the 
variation of normalized lateral pressures at the 
facing of the wall and at the far end of 
reinforcement zone with the normalized depth of 
the wall. The lateral pressures were normalized 
with the product of unit weight of soil and total 
height of the wall (*H) (Eqs. 2 & 3) and the depth 
of the wall was normalized by the height of the 
wall (H) (Eq. 4).  
 
                           (2) 
 
                             (3) 
                               (4) 
where, σhr* and σhf* are the normalized lateral 
earth pressures at the far end of reinforced zone 
and at the facing; σhr and σhf are the lateral earth 
pressures at the far end of reinforced zone and at 
the facing, Z* is the normalized depth of the wall, 
Z is the depth of the wall from the top, H is the 
height of the wall, and is the unit weight of the 
soil.  
 
Parametric study was done for different stiffness of 
the reinforcement. Stiffness value of reinforcement 
was varied from 500 kN/m to 50000 kN/m. Graphs 
were plotted between normalized lateral earth 
pressure and normalized depth of wall. Results 
from FLAC program were fitted with linear trend 
lines using Matlab program as shown in Fig. 3 (a) 
and (b). 
Lateral Earth Pressures at the end of reinforced 
zone 
Distribution of lateral earth pressures at the far end 
of the reinforced zone is essential in the analysis 
for external stability. The variation of normalized 
lateral pressures at the end of reinforcement zone 
(i.e. at the distance of 4.2m from the facing of the 
wall in this case) with the normalized depth was 
provided for various W/H ratios and for different 
stiffness values.  
 
 
(a) 
 
 
(b) 
Fig. 3 Fitted plots for normalized lateral earth 
pressures from FLAC for the case- W/H=2.0 
and J=5000 kN/m: (a) at the far end of 
reinforcement zone, and (b) at the facing  
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Fig. 4 Fitted variation for lateral pressures at 
the end of reinforcement zone for  W/H=1.4 
 
It was observed that the normalized pressures at the 
end of reinforcement zone follow a bilinear pattern 
for all the W/H ratios. A critical depth, Zc, was 
proposed at which the slope of the lateral earth 
pressure profile changes with respect to the depth 
of the wall. In the case of W/H=1.4 (Fig. 4), critical 
depths for the reinforcement stiffness values equal 
to 500 kN/m, 5000kN/m, and 50000kN/m were 
found to be  equal to 0.5H, 0.63H and 0.73H from 
the top of the wall. The normalized lateral earth 
pressures within the critical depth were almost 
constant and equal to 0.05H for all the values of 
reinforcement stiffness considered in the study. 
Beyond critical depth, the lateral earth pressures 
were found to vary significantly with the 
reinforcement stiffness. Lateral pressures 
corresponding to 50000 kN/m stiffness value were 
lower than that of the stiffness values of 500kN/m 
and 5000 kN/m. The lateral pressures were higher 
than that of the active earth pressures at the bottom 
of the wall. This might be due to friction mobilized 
between the backfill soil and foundation soil was 
higher. From the results, it can be observed that the 
influence of one wall on the other increases as the 
stiffness of the reinforcement decreases. The 
results were found to compare well with the lateral 
pressure plots presented in Han and Leshchinsky 
(2010) [4]. Results obtained from the study 
contradicted the code in the assumption of linear 
interpretation between active condition and zero 
lateral earth pressures.   
 
 
Fig. 5 Fitted variation for lateral pressures at 
the end of reinforcement zone for  W/H=1.7 
 
In the case of W/H=1.7 (Fig. 5), the slopes of the 
lines were 5.0 for all three reinforcement stiffness 
values which were lower than that of W/H =1.4. 
But the depths of Zc value for different 
reinforcement stiffness values were slightly higher 
than that of W/H=1.4. The slopes of the fitted 
variation decreased a little when the W/H ratio is 
increased to 2.0 (Fig. 6). Insignificant increase in 
the Zc was observed for W/H=2.0 case from that of 
W/H=1.7 case. Fig. 7 shows the variation of Zc 
with W/H ratio. 
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Fig. 6 Fitted variation for lateral pressures at the 
end of reinforcement zone for W/H=2.0 
 
 
Fig. 7 Variation of Zc with W/H ratio for various 
reinforcement stiffness values 
 
Lateral pressures at the facing normalized with 
respect to H 
The lateral pressures at the facing are also of great 
significance in the internal stability analysis. When 
W/H =1.4 (Fig. 8), critical depth of the wall (Zc) 
was equal to 0.9H from the top of the wall for all 
three reinforcement stiffness values considered in 
the study. 
 
 
Fig. 8 Fitted variation for lateral pressures at the 
wall facing for W/H=1.4 
 
The rate of increase in lateral earth pressure with 
depth increases as the stiffness of reinforcement 
decreases. This implies that at a given depth, lateral 
pressures reduce with increase in the reinforcement 
stiffness.  High lateral pressures were observed at 
the bottom of the wall which may be due to 
constrained movement at the bottom.  
 
When the W/H ratio was increased to 1.7 (Fig. 9), 
the lateral earth pressures at the facing for 
reinforcement stiffness value of 5000 kN/m and 
50000 kN/m were equal for W/H ratio=1.55 and 
1.7. In the case of W/H =2.0 (Fig. 10), the critical 
depth vanishes and a significant reduction in lateral 
earth pressures were observed when the 
reinforcement stiffness increases from 500kN/m 
and 5000 kN/m. However, the effect of 
reinforcement stiffness on the lateral earth 
pressures was negligible for stiffness higher than 
5000 kN/m. 
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Fig. 9 Fitted variation lateral pressures at the wall 
facing for W/H=1.7 
 
 
 
Fig. 10 Fitted variation for lateral pressures at the 
wall facing for W/H=2.0 
CONCLUSIONS 
The lateral pressures at the end of reinforcement 
zone and at the wall facing for various W/H ratios 
in back-to-back walls were analyzed. Following 
conclusions can be made: 
a) Lateral earth pressures at the end of 
reinforcement zone followed a bilinear 
pattern for all the W/H ratios. Magnitude of 
lateral earth pressures increased as the W/H 
was increased, but was found to be much 
less than that of the active earth pressures. 
However, the earth pressures at the bottom 
of the wall were higher than the active 
condition and were constant for all W/H 
ratios.  
b) Critical depth Zc was proposed for various 
W/H ratios and for various stiffness values 
to predict the lateral pressures at the end of 
reinforcement zone. The value of Zc had 
increased significantly as W/H increases 
from 1.4 to 1.55. Further, much change was 
not observed when the W/H ratio was 
increased from 1.55 to 2.0. 
c) Charts were proposed showing the variation 
of normalized lateral pressures at the facing 
with normalized depth.  The variation was 
found to be bilinear for lower W/H ratios. 
However, for higher W/H, the variation was 
linear. Reinforcements with higher stiffness 
changes to linear pattern at lower W/H ratio 
than that of reinforcements with lower 
stiffness values. 
d) A significant reduction in lateral earth 
pressures at the facing was observed when 
the stiffness of the reinforcement was 
increased from 500 kN/m to 5000 kN/m. 
However, further increase in the stiffness 
from 5000 kN/m to 50000 kN/m, the 
increase in lateral earth pressures were 
found to be insignificant. 
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